INTRODUCTION
In a previous paper, • we developed a theoretical model describing the behavior of a piezoelectric transducer with a nonuniform distribution of the piezoelectric coefficient. within its bulk, when submitted to an arbitrary distribution of acoustic pressure. In the framework of this model, an expression for the receive transfer function of such a nonuniform transducer was derived. This theoretical model, on the one hand, provides a ready means of relating explicitly the transfer function of a nonuniform transducer to the distribution of the piezoelectric coefficient; but, on the other hand, more widely, it offers an alternative way, besides the equivalent circuit approaches, of describing theoyetically, in quite general terms, the behavior of piezoelectric transducers in the receiving mode.
In the present paper, we propose an experimental test of the ability of the model to describe it, was also examined. For this purpose, a numerical study has been conducted in which the different transfer functions predicted by the model for a trans. ducer with different backing materials, were compared to the transfer functions that follow from the application of the Mason equivalent circuit of the transducer. In the course of this paper, we shall first review some aspects of the theoretical model, then the results of the experimental characterization of the transducers will be presented and discussed, followed by the numerical study of the backing materials.
I. THEORETICAL BASIS
We consider an acoustoelectric transducer, depicted in Fig. 1 , made of a plate of piezoelectric material of thickness e, and electroded on both faces. An axis Oz defines the direction perpendicular to the plane of the plate, and we shall employ a one-dimensional description of the system, assuming that the spatial variations of the quantities involved occur only in the Oz direction.
The front electrode of the transducer, located at abscissa z = 0, in contact with a propagating medium of specific acoustic impedance Z•, is taken as the reference for electric potentials. The rear electrode of the transducer, located at abscissa z = e, is in contact with a backing medium of specific acoustic impedance Z3. The piezoelectric material constituting the transducer has a specific acoustic impedance Z2, To implement physically the nonuniform distributions g33 (Z), the transducers have been given a multilayered structure. Each layer of material, through a separate poling, can receive a specified value for its piezoelectric coefficient. Reversing the poling direction of a layer permits a change in the sign of its piezoelectric coefficient. Several layers of this type, stacked together, provide the definition of the distribution g33(Z) in a transducer by a piecewise constant function throughout the thickness.
Following this procedure, several layers of the same piezoelectric material, in the shape of disks 2.5 cm in diameter and of different thicknesses, have been bonded together with an epoxy glue. Thus a four-layer PZT transducer of overall thickness e = 4 mm, and a two-layer PVDF transducer of overall thickness e = 0.5 mm, have been fabricated. For the PZT transducer, the electrodes were realized by silver painting the two external faces; for the PVDF transducer, the electrodes were constituted by two metallic films 40/•m thick glued on both external faces.
The nonuniform distributions of the piezoelectric coefficient g33 (Z), which were implemented for these two transducers, are represented in Fig. 2 , normalized to the maximum value gn333ax of the piezoelectric coefficient within the thickness.
For the PZT transducer, each layer has been poled separately in an external electric field, whose value was changed to achieve different degrees of poling. The value of g33 was measured for each of the four layers by recording the electric response of the piezoelectric layer under low-frequency me- For purposes of comparison, a PZT transducer and a PVDF transducer, both having a uniform distribution of the piezoelectric coefficient, were also realized. Each of these two transducers, made with a single layer of piezoelectric material, presents the same overall thickness and the same value of gn333ax as its nonuniform correspondent.
B. Experimental results
The acoustoelectric properties of the transducers were studied when operating in water, with a low acoustic impedance backing, giving a reflection coefficient re3 = -1 on the rear face. evaluated experimentally by placing it in a known acoustic field generated by a calibrated transmitting transducer in its farfield. The calibration of the transmitting transducer was achieved by using, as primary standard, a broadband calibrated hydrophone, the knowledge of the electric output of this calibrated hydrophone allowing to deduce, in absolute units of pressure, the acoustic field being probed. Two main factors limited the accuracy of the measurements. The first factor is that we had to utilize, in the test procedure, measuring transducers that were standard thickness mode transducers. These types of devices allow an important signal only in a relatively narrow frequency range. As we chose to examine a wide frequency range, extending typically up to ten times the center frequency of the tested transducers, we had to accept intervals of frequency with a low level of signal. The second limiting factor is that, to end up with measurements in absolute units, we had to make use, as absolute standard, of a calibrated hydrophone whose broad bandwidth trades off with low sensitivity.
The receive transfer function T(co) of a transducer was

To record the transfer functions
However, high experimental accuracy was not necessary for our present purpose of getting a first experimental test of the theoretical description of nonuniform piezoelectric transducers. As we shall discuss below, the nonuniform transducers that were actually fabricated depart slightly in different points from the theoretical assumptions of the model, which renders them improper to furnish a highly accurate test of the theory.
The results of this section give an overview of the capa- An explanation for this observation could be a possible variation of the piezoelectric coefficient with frequency. The usual method for measuring the piezoelectric coefficient of a material is to record its voltage response when subjected to a mechanical excitation of low frequency, commonly in the region of 100 Hz or below. This technique leads for the piezoelectric coefficient to values reported in Sec. II A, and that were utilized for the theoretical calculation of the transfer functions. However, these values of the piezoelectric coefficient determined in the low-frequency range, may not be the appropriate values to describe transducers operating in the frequency region of 1 MHz. Piezoelectric activity, which involves induction and relaxation of electric dipoles, can reasonably be expected to decrease as frequency increases, leading to smaller values for the piezoelectric coefficient in the high-frequency range. 2 We note that, in the theoretical expression of the transfer function as given by ( 1 ), an explicit frequency dependence of the piezoelectric coefficient g33, is readily taken into consideration.
Finally, to account for the remaining slight differences that are still observed between the experimental and theoretical transfer functions, various factors can be evoked. As we already mentioned, the precision, and also the finite spectral resolution, with which the measurements were performed constituted a natural limitation in the recording of the transfer functions. Some departures between the actual constitution of the experimental transducers and the hypothesis of their description can also play a role. For instance, in practice, the lateral dimensions of the transducers are not infinite, while the theoretical model assumes a laterally unbounded transducer. Also, the influence of the electrodes was neglected, although it could have been included, in the theoretical derivation of expression ( 1 ). For the nonuniform transducers, the layers of adhesive bonding the piezoelectric layers together, although very thin, can cause a perturbation in the distributions of the piezoelectric coefficient and acoustic pressure in the transducers. Finally, we have assumed that, to describe the experimental transducers, in each single layer of the multilayered structure the piezoelectric coefficient was uniform throughout the thickness. The poling process that builds up piezoelectric activity in a layer of material, which consists of submitting the layer to an external electric field considered uniform, makes this assumption of a uniform piezoelectric coefficient reasonable. But this assumption can also reasonably be viewed as approximate, and small departure from a uniform distribution of the piezoelectric coefficient in the thickness of a layer can also be envisaged. 
